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The Research for Improving in the Formability of Desktop Die Casting Machine Using a Low Melting 
Point Alloy 
Hayato Matsumoto㧖, Yuichi Tanaka㧖㧖, Noritaka Miyamoto㧖㧖㧖 
 
The purpose of this research is improving in the products by making the desktop die casting machine using a low melting 
point alloy and observing phenomenon in the transparent mold made of acrylic resin. Desktop die casting machine is minimum 
structure, which is composed of an injection part, a mold part, an actuator and a chamber for injection molten metal. The 
molten metal is injected into the mold with the actuator, and its phenomenon in the mold is observed by using a high speed 
camera. In this study, two causes that decrease the formability are obtained. One is the turbulent flow caused due to high 
injection speed. The other is the blowout of the metal from the parting and the air ventilation due to excessive injection 
pressure. 
 
ࠠ࡯ࡢ࡯࠼㧦࠳ࠗࠞࠬ࠻㧘㍌ㅧ㧘኿಴ᚑᒻ㧘ૐⲢὐว㊄㧘นⷞൻ㧘㧟ᰴర CAD/CAE/CAM 
Keywords㧦Die casting, casting, injection molding, low melting point alloy, visualization, 3D-CAD/CAE/CAM system 
 
㧝. ✜⸒ 
1.1 ⢛᥊෸߮⋡⊛ 
ࡕࡁߠߊࠅߩಽ㊁ߦ߅ߌࠆᦨ߽㊀ⷐߥ࠹࡯ࡑߩ৻ߟߣߒ
ߡ㧘ޟടᎿ⃻⽎ࠍᱜ⏕ߦℂ⸃ߔࠆߎߣޠ߇᜼ߍࠄࠇࠆ(1)㧚⍾
ဳ㍌ㅧ߿࠳ࠗࠞࠬ࠻㍌ㅧߥߤߩ㍌ㅧಽ㊁߿㧘᮸⢽ߩ኿಴ᚑ
ᒻߥߤ㧘ဳ㧔㍌ဳ㧕ࠍ೑↪ߒߚᄙߊߩടᎿᴺ߇ሽ࿷ߔࠆ৻
ᣇߢ㧘ߎࠇࠄߩടᎿᴺߢߪ߶ߣࠎߤߩ႐วဳ߇ਇㅘ᣿ߢ޽
ࠆߚ߼㧘ဳౝߢߩᚑᒻ㧔ᵹേ෸߮ಝ࿕㧕߇ߤߩࠃ߁ߦㅴⴕ
ߒߡ޿ࠆߩ߆߇ኈᤃߦߪࠊ߆ࠄߥ޿㧚ߘߎߢ㧘㍌ဳౝߦ኿
಴ߐࠇߚṁⲢว㊄ߩ᜼േࠍᛠីߔࠆߚ߼ߦ㧘᭽ޘߥࠪࡒࡘ
࡟࡯࡚ࠪࡦᛛⴚ߇ㅴᱠߒߡ߈ߡ޿ࠆ㧚ߒ߆ߒߥ߇ࠄ㧘ታ㓙
ߩ⃻⽎ߪⶄ㔀ߢ޽ࠆߚ߼㧘૗ࠄ߆ߩᣇᴺߢဳౝߩ⃻⽎ࠍน
ⷞൻߒߡ⋥ធⷰኤߔࠆߎߣ߇㊀ⷐߦߥߞߡߊࠆ(2)㧚ታ㓙ߩ㍌
ㅧ⃻႐ߦ߅޿ߡ߽㧘ߘࠇߙࠇߩ㊄ဳߦࠃࠅḡᵹࠇ⃻⽎ߪᄢ
߈ߊᄌࠊࠆߩߢ㧘ḡᵹࠇนⷞൻߩ᦭↪ᕈߪ㜞޿㧚 
ߎࠇ߹ߢ㧘ᧄ⎇ⓥቶߢߪ㧘છᗧᒻ⁁ߩဳౝߦ߅ߌࠆ㍌ㅧ
⃻⽎ࠍนⷞൻߒ㧘㍌ဳౝࠍṁḡߢలႯߢ߈ࠆⵝ⟎㧔એਅ㧘
ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߣ๭߱㧕ࠍ⵾૞ߒ㧘ߐࠄߦߘߩታ㛎᧦
ઙࠍᄌ߃ࠆߎߣߢ㧘ဳౝߦ߅ߌࠆ㍌ㅧ⃻⽎߇ߤߩࠃ߁ߦᄌ
ൻߔࠆ߆ࠍⷰኤߒ㧘ⷞⷡ⊛ߦᝒ߃ࠆߎߣࠍ⋡ᜰߒߡ߈ߚ߇㧘
ⵝ⟎ߦߪⶄᢙߩ໧㗴ὐ߇޽ࠅ㧘㍌ဳౝ⃻⽎ߩⷰኤ߽⋡ⷞߩ
ߺߢ޽ߞߚ(3)㧚ߘߎߢᧄ⎇ⓥߢߪ⵾૞ߐࠇߡ޿ߚⵝ⟎ߩ໧㗴
ὐࠍᡷༀߒߚⵝ⟎ࠍ⵾૞ߒ㧘㜞ㅦᐲࠞࡔ࡜ࠍ૶ߞߡᵹേ⃻
⽎ࠍ⹦ߒߊⷰኤߔࠆߎߣߢᚑᒻຠߩᚑᒻᕈࠍะ਄ߔࠆߎߣ
ࠍ⋡⊛ߣߒߚ㧚 
1.2 ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ 
ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߩ౮⌀ࠍ࿑㧝ߦ␜ߔ㧚৻⥸⊛ߦ૶↪
ߐࠇߡ޿ࠆ࠳ࠗࠞࠬ࠻ⵝ⟎߿኿಴ᚑᒻⵝ⟎╬߇⸳⟎ࠬࡍ࡯
ࠬ߿ᄢ߈ߥⒿേࠛࡀ࡞ࠡ࡯ࠍⷐߔࠆߎߣߦኻߒ㧘ㆊ෰ߦᧄ
⎇ⓥቶߢ⵾૞ߒߚᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߪථ਄࡮ዊဳߢ㧘Ⓙ
േ᷷ᐲ߇Ყセ⊛ૐ޿ߚ߼㧘ขࠅᛒ޿߇ኈᤃ╬ߩ․ᓽࠍᜬߞ
ߡ޿ߚ㧚ⵝ⟎ߩᯏ⢻ߣߒߡߪ㧘Ԙࡃࡦ࠼ࡅ࡯࠲ߦࠃࠅ㧘኿
಴ㇱࠍടᾲߔࠆߎߣߢṁḡࠍ଻ᜬ㧘ԙࠕࠢ࠴ࡘࠛ࡯࠲ߦࠃ
ࠅ㧘ࡇࠬ࠻ࡦࠍ᛼ߒ಴ߔߎߣߢṁḡࠍ኿಴ߔࠆ㧘ߣ޿ߞߚ㧘
 㧖 ኾ᡹⑼ ↢↥ࠪࠬ࠹ࡓᎿቇኾ᡹㧔⃻㧦਻Ꮊᄢቇᄢቇ㒮㧕 
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ૐⲢὐว㊄ࠍ↪޿ߚථ਄኿಴㍌ㅧⵝ⟎ߩᚑᒻᕈะ਄ߦ㑐ߔࠆ⎇ⓥ㧔᧻ᧄ߶߆㧕 
ṁḡࠍ㍌ဳౝ߳኿಴ߔࠆߚ߼ߩᦨૐ㒢ߩ᭴ㅧࠍ߽ߟ߽ߩߢ
޽ߞߚ㧚ߘߩ᭴ㅧߪ㧘ᄢ߈ߊಽߌߡԘ᛼ߒ಴ߒⵝ⟎㧘ԙ኿
಴ㇱ㧘Ԛ㍌ဳㇱ߆ࠄᚑࠆ߽ߩߢ㧘ဳౝߩ᭽ሶࠍⷰኤߔࠆߚ
߼ߦㅘ᣿ߥࠕࠢ࡝࡞᮸⢽⵾ߩ㍌ဳ㧔ࠨࠗ࠭㧦100 mm100 
mm50 mm2 ୘㧕ࠍ↪޿ߡ޿ߚ㧚㍌ဳߣߒߡ૶↪ߔࠆࠕ
ࠢ࡝࡞᮸⢽ߩⲢὐએਅߩ 100͠೨ᓟ߇Ⲣὐߢ޽ࠆૐⲢὐว
㊄ࠍṁⲢว㊄ߣߒߡ↪޿ࠆߎߣߢߎߩㅘ᣿㍌ဳߩ૶↪ࠍน
⢻ߦߒߡ޿ࠆ㧚 
1.3 ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߩ໧㗴ὐ 
ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߩ໧㗴ὐߪ㧘Ԙછᗧ㊂ߩ኿಴ṁḡ㊂
ߩ⸳ቯ߇ਇน⢻㧘ԙ኿಴ㇱ෸߮㍌ဳㇱߩኒኽᕈ߇ૐ޿㧘Ԛ
ࡔࡦ࠹࠽ࡦࠬᤨߩขࠅᛒ޿ߩᾘ㔀ߐ㧘ԛ㍌ဳߩဳ✦߼ജ߇
ਇဋ৻ߦߥߞߡ޿ࠆน⢻ᕈ߇޽ࠆ㧘Ԝ㍌ဳߩㅘ᣿ᐲ߇ૐߊ㧘
㍌ဳౝᵹࠇߩⷰኤߪ⋡ⷞߩߺ㧘ߣ޿ߞߚ߽ߩߢ޽ߞߚ㧚߹
ߕߪ㧘⦟ᅢߥᚑᒻᕈࠍ␜ߔታ㛎᧦ઙ෸߮ᚑᒻຠࠍᓧࠆߚ߼㧘
ߎࠇࠄߩ໧㗴ὐࠍ⸃ᶖߔࠆⵝ⟎ߩᡷ⦟ࠍⴕߥߞߚ㧚 
 
㧞. ૐⲢὐว㊄ 
2.1 ૐⲢὐว㊄ߣߪ 
ᤃⲢว㊄㧘นⲢว㊄㧔fusible alloy㧕ߥߤߣ߽๭߫ࠇߡ޿
ࠆૐⲢὐว㊄ߦߟ޿ߡߪ㧘Ⲣὐ߇૗ᐲએਅߣ޿߁ࠃ߁ߥ᣿
⏕ߥቯ⟵߇ߥߊ㧘޽޿߹޿ߢ޽ࠆ߇㧘ታ㓙ߦ૶↪ߐࠇߡ޿
ࠆ႐วߩ೑↪ߩ઀ᣇߥߤ߆ࠄ㧘ࡎࡢࠗ࠻ࡔ࠲࡞࡮ᵴሼว㊄࡮
㋦ߔߕߪࠎߛว㊄ࠍ߽฽߼ߚ▸࿐ߩ㧘Ყセ⊛Ⲣὐߩૐ޿ว
㊄㘃ࠍᜰߔߣ৻⥸ߦ⸃㉼ߐࠇߡ޿ࠆ(4)㧚 
2.2 ૐⲢὐว㊄ߩ․ᕈ 
ૐⲢὐว㊄ߩᯏ᪾⊛ᕈ⾰ߦߟ޿ߡߪ㧘㍌ㅧ㧘಄ළߩ᧦ઙ㧘
ߥࠄ߮ߦ㍌ㅧᓟߩᤨ㑆⚻ㆊߦࠃࠆᄌൻߦ㑐ଥ߇ᷓ޿㧚ߒߚ
߇ߞߡ㧘ᯏ᪾⊛․ᕈߦߟ޿ߡߩᢙ୯ߪ㧘ޟ⚂ޠ߹ߚߪޟ௑ะޠ
ߣߺࠆߴ߈ߢ޽ࠆ㧚Ⲣὐߦߟ޿ߡ߽⊒⴫ߐࠇߡ޿ࠆᢙ୯ߣ
ታ᷹୯߇㆑߁႐ว߇޽ࠆ߇㧘⹜ᢱߩ㊂㧘಄ළㅦᐲߥߤߩ⋧
㆑ߦ㑐ଥߔࠆ߽ߩߢ޽ࠆ(4)㧚߹ߚૐⲢὐว㊄ߩਛߦߪ㧘߶ߣ
ࠎߤߩ㊄ዻ㧘ว㊄ߩ႐วߣߪ෻ኻߦ಄ළಝ࿕ߩ㓙ߦ෼❗ߖ
ߕ㧘ㅒߦ⤘ᒛߔࠆ߽ߩ߇޽ࠆ㧚ಝ࿕ᤨߩ૕Ⓧᄌൻߦᦨ߽ᄢ
߈ߥᓇ㗀ࠍਈ߃ࠆߩߪࡆࠬࡑࠬ㧔Bi㧕ߢ޽ࠆ㧚৻⥸⊛ߦߪ
55㧑એ਄ߩࡆࠬࡑࠬࠍ฽߻႐วߦߪ⤘ᒛߒ㧘48㧑એਅߩ႐
วߦߪ෼❗ߔࠆ(4)㧚  
⴫㧝ߦ੹࿁↪޿ߚૐⲢὐว㊄ߩ⚵ᚑߣⲢὐ㧘෸߮ᯏ᪾⊛
ᕈ⾰ࠍ␜ߔ㧚ណ↪ߒߚߩߪ㧘ࡈࠫࡔ࠲࡞Ꮏᬺ㧔ᩣ㧕ߩૐⲢ
ὐว㊄ No.19A㧔એਅ㧘ૐⲢὐว㊄ 19Aߣ๭߱㧕ߢ޽ࠆ㧚 
 
㧟. ථ਄኿಴㍌ㅧⵝ⟎ 
࿑㧞ߪᓥ᧪ဳ኿಴㍌ㅧⵝ⟎߆ࠄᡷ⦟ࠍⴕߥ޿㧘⵾૞ߒߚ
ᣂဳථ਄኿಴㍌ㅧⵝ⟎㧔એਅ㧘ᣂဳ኿಴㍌ㅧⵝ⟎ߣ๭߱㧕
ߩ౮⌀ߢ޽ࠆ㧚એਅߦߘߩᡷༀὐࠍㅀߴࠆ㧚
3.1 ኿಴ㇱ 
ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߢߪ኿಴ㇱߩࠪ࡝ࡦ࠳஥ㇱຠߦ኿಴
ญ஥ㇱຠࠍ౐୘ߩߨߓߦࠃߞߡ✦߼ઃߌ㧘࿕ቯߒߡ޿ߚ㧚
ߘࠇߦࠃࠅࡔࡦ࠹࠽ࡦࠬߩ㓙ߩಽ⸃࡮⚵┙߇ᾘ㔀ߢ޽ߞߚ㧚
߹ߚ㧘ታ㛎ߩᐲߦࠪ࡝ࡦ࠳஥ߣ኿಴ญ஥ߩ㑆ߣ኿಴ㅢ〝㐽
㎮↪ߩᑯㇱ߆ࠄṁḡ߇ṳࠇ಴ߡ޿ߚߎߣ߆ࠄ㧘ኒኽᕈ߇ૐ
޿ߎߣ߇⠨߃ࠄࠇߚߚ߼㧘ߘࠇࠄߩ໧㗴ὐ⸃ᶖߩߚ߼ߩᡷ
⦟ࠍⴕߥߞߚ㧚࿑㧟ߦᡷ⦟ߒߚ኿಴ㇱߩ౮⌀ࠍ␜ߔ㧚 
኿಴ㇱߪ㧘ࠪ࡝ࡦ࠳஥㧘኿಴ญ஥㧘ࡁ࠭࡞ㇱ෸߮ࡏ࡯࡞
ᑯ߆ࠄߥࠆ㧚ࠪ࡝ࡦ࠳஥ߣ኿಴ญ஥ߩขࠅઃߌㇱ૏ࠍࡏ࠻
࡞ࠠࡖ࠶ࡊ⁁ߦߨߓࠍಾࠆߎߣߢ㧘৻ᐲߩ✦߼ઃߌߦࠃࠆ
࿕ቯࠍน⢻ߦߒ㧘ಽ⸃࡮⚵┙ᤨߩᾘ㔀ߐࠍ⸃ᶖߒߚ㧚߹ߚ㧘
ࠪ࡝ࡦ࠳஥ߩ߅ߨߓࠍ኿಴ญ஥ߩ߼ߨߓࠃࠅ㐳ߊߔࠆߎߣ
ߢ㧘ߨߓߩ✦߼ઃߌߦࠃࠆኒ⌕㕙ࠍߟߊࠆߎߣߢኒኽᕈࠍ
㜞߼ߚ㧚ߐࠄߦ㧘ᑯㇱ߆ࠄߩṁḡߩṳࠇߦኻߒߡߪ㧘ᓥ᧪
ဳ኿಴㍌ㅧⵝ⟎ߢߪ኿಴ญ஥ߣ৻૕ߣߥߞߡ޿ߚࡁ࠭࡞ㇱ
ࠍ೎ߩㇱຠߣߒߡ⵾૞ߒ㧘኿಴ญ஥ߣࡁ࠭࡞ㇱߩ㑆ߦ▤↪
ߩࡏ࡯࡞ᑯࠍ⸳ߌࠆߎߣߢኒኽᕈࠍะ਄ߐߖߚ㧚ട߃ߡ㧘
ోߡߩߨߓㇱಽߦࠪ࡯࡝ࡦࠣ࠹࡯ࡊࠍᏎ޿ߚ㧚 
3.2 ㍌ဳㇱ 
ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߢߪ࿑㧠ߦ޽ࠆࠃ߁ߦ㍌ဳ⥄૕ߦ L
ሼ㍑ࠍขࠅઃߌ㧘ኻ㕙ߦߒߚ L ሼ㍑ߦࡏ࡞࠻ࠍㅢߒ㧘✦߼
ࠆߎߣߢ㍌ဳߩဳ✦߼ࠍⴕߥߞߡ޿ߚ㧚ߒ߆ߒ㧘ߎߩဳ✦
߼ᣇᑼߢߪ㍌ဳߩᏀฝߩㄝ✼ㇱߦဳ✦߼ജ߇㓸ਛߒ㧘ਛᄩ
ㇱߩဳ✦߼ജ߇ᒙ߹ߞߡ޿ࠆน⢻ᕈ߇޽ߞߚ㧚 
߹ߚ㧘ဳ✦߼ᤨߩࡏ࡞࠻ߩ✦߼ઃߌ૞ᬺ߇ᾘ㔀ߢ޽ࠅ㧘
⴫㧝 ࡈࠫࡔ࠲࡞Ꮏᬺ⵾ૐⲢὐว㊄No.19Aߩ⚵ᚑߣⲢὐ෸
߮ᯏ᪾⊛ᕈ⾰(5) 
⒳㘃
⚵ᚑ[㧑]
Ყ㊀㊂
[gf/cm3]
ṁⲢ▸࿐[͠]
ᒁᒛᒝߐ
[N/mm2]Sn Bi Pb ࿕⋧✢
᷷ᐲ
ᶧ⋧✢
᷷ᐲ
ૐⲢὐ
ว㊄
No.19
A
20 50 30 9.77 96 100 54
࿑㧞 ᣂဳථ਄኿಴㍌ㅧⵝ⟎ 
 

C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࿑㧟 ኿಴ㇱ㧔ᡷ⦟ᓟ㧕 
ࠪ࡝ࡦ࠳஥኿಴ญ஥ࡏ࡯࡞ᑯ
㍌ဳㇱ ࠴ࡖࡦࡃ
ࠕࠢ࠴ࡘࠛ࡯࠲኿಴ㇱ
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ߚߞ޽ߢᘒ⁁޿ߥ޿ߡࠇߐ߽ߌઃߒ᛼ߩ߳࡞࠭ࡁߩㇱ಴኿
 㧚ߚߒ૞⵾ࠍ⟎ⵝ߼✦ဳߦ߼ߚߩ᳿⸃ὐ㗴໧ߩࠄࠇߎ㧘߼ߚ
࡯ࡔࠗߩᑼᣇ߼✦ဳߣ⌀౮ߩ⟎ⵝ߼✦ဳߚߒ૞⵾ߦ㧡࿑
๭ߣㇱဳ㍌ࠍߩ߽ߚߒ⌕ⵝߦ⟎ⵝ߼✦ဳࠍဳ㍌㧚ߔ␜ࠍࠫ
㧘ߌ㐿ࠍⓣߦ㓈྾ߩဳ㍌㧘ߦ߼ߚࠆߔൻ৻ဋࠍജ߼✦ဳ㧚߱
ࠆߌઃ߼✦ធ⋥ߦ⟎ⵝ߼✦ဳ㧘ߒㅢࠍ࠻࡞ࡏ↪ቯ࿕ߦߎߘ
߼✦ߩ࠻࡞ࡏߩᧄ 4 ߪ߼✦ဳ㧚ߚߞߣࠍᑼᣇ߼✦ဳ߁޿ߣ
࡞࠻㧚ࠆ޿ߡߒᶖ⸃ࠍߐ㔀ᾘߩ߼✦ဳ㧘ߒੌቢߢߺߩߌઃ
ࠢ࡞࠻ߩ m㨯N 9.0㧘޿ߥⴕࠍߌઃ߼✦ߩ࠻࡞ࡏߢ࠴ࡦ࡟ࠢ
ߒߣജߌઃ߼✦ߩቯ৻ߢ㧕⇇㒢ߩᐲ⒟޿ߥߒ்៊߇ဳ㍌㧔
㧘ߌ⸳ࠍ㍤ࡊ࠶࠽ࠬߪߦ஥ਔߩฝᏀߩ⟎ⵝ߼✦ဳ㧘ߚ߹㧚ߚ
಴኿ߢߣߎࠆߌដߦࠢ࠶ࡈ↪ߌઃߒ᛼ߩ஥ㇱ࡞࠭ࡁࠍࠇߎ
㧘ߦࠄߐ㧚ߚߞߥⴕࠍߌઃߒ᛼ߩ߳࡞࠭ࡁ߮෸⛯ធߩߣㇱ
⟎ⵝ߼✦ဳߦ߁ࠃࠆߥߊ߈ᄢ㒢ᄢᦨ߇࿐▸ⷞนߩㇱౝဳ㍌
 㧚ߚߒቯ᳿ࠍ⁁ᒻߩ
ߩⷞ⋡߇ኤⷰߩࠇᵹౝဳ㍌㧘ߊૐ߇ᐲ᣿ㅘߩဳ㍌㧘ߚ߹
ࡈࠍ㕙⴫ဳ㍌㧘ߪߡߒኻߦὐ㗴໧߁޿ߣࠆ޿ߡࠇࠊⴕߢߺ
ⷰߩࠇᵹౝဳ㍌㧘ߖߐ਄ะࠍᐲ᣿ㅘ㧘ߒ⏴⎇ࠅࠃߦࠬࠗ࡜
ߒༀᡷࠍὐ㗴໧ࠅࠃߦߣߎࠆ޿↪ࠍ࡜ࡔࠞᐲㅦ㜞ߪߦኤ
 㧚ߚ
 㧕ࡃࡦࡖ࠴㧔⟎ⵝ㊂⸘ḡṁ㊂ቯ 3.3
છ㧘߿ߣߎ޿ߥߪߢቯ৻߇㊂ḡṁߩ⟎ⵝㅧ㍌಴኿ဳ᧪ᓥ
ߦ߼ߚࠆߔᶖ⸃ࠍὐ㗴໧ߩߣߎ޿ߥ߈ߢቯ⸳߇㊂ḡṁߦᗧ
㧚ߚߒ૞⵾ࠍ㧕߱๭ߣࡃࡦࡖ࠴㧘ਅએ㧔⟎ⵝ㊂⸘ḡṁ㊂ቯ
଻ḡṁߪࡃࡦࡖ࠴㧚ߔ␜ࠍ⌀౮ߩࡃࡦࡖ࠴ߚߒ૞⵾ߦ㧢࿑
ဳ᧪ᓥ㧚ࠆࠇߐᚑ᭴ࠄ߆ᑯ࡞࡯ࡏ߮෸࠲࡯ࡅ࠼ࡦࡃ㧘ㇱᜬ
ࠍ࠲࡯ࡅ࠼ࡦࡃߩ᭽หߣߩ߽ߚ޿ߡߒ↪૶ߦ⟎ⵝㅧ㍌಴኿
ߎࠆߔᾲടߦ਄એὐⲢߩ㊄วὐⲢૐࠍㇱᜬ଻ḡṁ㧘ߒ↪೑
౞ߚ޿㐿߇㕙┵਄ߪㇱᜬ଻ḡṁ㧚߁ߥⴕࠍᜬ଻ߩḡṁߢߣ
⋓⋡ߢߺೞ³mc 5 ߢ߹³mc 55㨪03 ߦ஥ౝ㧘ࠅ߅ߡߞߥߦ⁁╴
ߣ⢻น߇ቯ⸳ߩ㊂ᗧછ߮෸㊂⸘ߩ㊂ḡṁ㧘ࠅ߅ߡߌ⸳ࠍࠅ
 㧚ࠆ޿ߡߞߥ
㊂ᗧછࠄ߆ㇱ਄ԙ㧘ࠆߓ㐽ࠍᑯ࡞࡯ࡏԘ㧘ߪ㗅ᚻߩ㊂⸘
౉ᵈࠍḡṁ߳ㇱ಴኿㧘߈㐿ࠍᑯ࡞࡯ࡏԚ㧘ߋᵈࠍḡṁߢ߹
 㧚ࠆߥߣ㧘ࠆߓ㐽ࠍᑯ࡞࡯ࡏԛ㧘ࠆߔ
ࡅ࠼ࡦࡃ߮෸㧕࠲࡯ࠛࡘ࠴ࠢࠕ㧔⟎ⵝߒ಴ߒ᛼ 4.3
 ᭽઀߮෸ቯㆬߩ࠲࡯
ᐲㅦ಴኿㧘ߡߒߣ⟎ⵝߒ಴ߒ᛼ߪߢ⟎ⵝㅧ㍌಴኿ဳ᧪ᓥ
ࠗࠛࠗࠕ␠ળᑼᩣ㧘ࠄ߆╬ᩰଔ㧘ᕈଢ◲ߩ૞ᠲ㧘ᕈᄌนߩ
ဳᣂ㧘߼ߚߩߘ㧚ߚ޿ߡߒ↪૶ࠍ࠲࡯ࠛࡘ࠴ࠢࠕߩ⵾ࠗࠕ
ㅦ಴኿ࠄ߆ਛߩ࠲࡯ࠛࡘ࠴ࠢࠕߩ⵾␠ห߽ߢ⟎ⵝㅧ㍌಴኿
ࠆ߈ߢ߇ߣߎࠆߖߐ਄ะࠍ࿶಴኿㧘ࠇߣߊ߈ᄢ߇࿐▸ߩᐲ
ᄢᦨ㧘mm 002 ࠢ࡯ࡠ࠻ࠬߪ᭽઀㧚ߚߒቯㆬࠍ C01AR-PCR
࠴ࠢࠕဳ᧪ᓥ㧔ࠆ޽ߢs/mm 521 ᐲㅦ㜞ᦨ㧘N 0003 ജߌઃ᛼
㧘߅ߥ㧚㧕s/mm 78 ᐲㅦ㜞ᦨ㧘N 853 ജߌઃ᛼ᄢᦨ㧦࠲࡯ࠛࡘ
  㧚ߔᜰࠍᐲㅦߒ಴ߒ᛼ߩࡦ࠻ࠬࡇߪߣᐲㅦ㜞ᦨ
ߖߐⲢṁᣤ৻㧘ߡ޿߅ߦౝࡃࡦࡖ࠴߮෸࠳ࡦ࡝ࠪ㧘ߚ߹
ߚࠆߔᜬ଻ߢᘒ⁁Ⲣṁߦߕߖߐ࿕ಝࠍA91.oN㊄วὐⲢૐߚ
ࠬࡒ␠ળᑼᩣ㧘߼ߚࠆ޽ߢⷐᔅ߇᷷଻ߩౝ࠳ࡦ࡝ࠪ㧘ߦ߼
઀㧚ߚߒቯㆬࠍ001DHBM ߮෸04SHBM ࠲࡯ࡅ࠼ࡦࡃ⵾ࡒ
߇04SHBMߪജ㔚㧘V 002 ࿶㔚㧘͠003 ᐲ᷷㜞ᦨߦ߽ߣߪ᭽
 㧚)6(ࠆ޽ߢW 052 ߇001DHBM㧘W 051
 
 ဳ㍌ .㧠
ຠㇱゞേ⥄޿ᄙߩ㊂↥↢⊛セᲧߪߢ⟎ⵝㅧ㍌಴኿ဳ᧪ᓥ
ߒൻ⇛◲ࠍ࠻ࡈࡖࠪࠢࡦ࡜ࠢߩຠㇱ↪ゞേ⥄㧘ߡߒቯᗐࠍ
ห߽ߢ㛎ታᧄ㧚ߚ޿ߡߒ↪૶ࠍဳ㍌ߚߒߣຠᒻᚑࠍߩ߽ߚ
㧚ߔ␜ߦ㧣࿑ߡ޿ߟߦࠇߎ㧚ߚߒߣߣߎࠆ޿↪ࠍߩ߽ߩ৻
޿ߡ޿ߟq5.1 ߦߡో㕙ߥⴕᐔߦะᣇߊᛮࠍဳ㍌ߪ㈩൨ߌᛮ
 㧚ࠆ
 ⟎૏ߣ⒓ฬߩ૏ㇱⷐਥ 1.4
ߦᤨห߇ḡṁࠍౝဳ㍌㧘ߪ⟎૏ߩญḡࠆߌ߅ߦဳ㍌ߩߎ
ߩญḡߦ㧣࿑㧔ᔃਛߩຠᒻᚑ߮෸ဳ㍌㧘ߦ߁ࠃࠆ߈ߢႯల
ߒߣᑼᣇ࠻࡯ࠥ࠻ࠢ࡟ࠗ࠳ߩmm 6 ᓘ⋥㧘ߒߣ㧕ߔ␜ࠍ⟎૏
  
ࠅ஍ߩജ߼✦ဳߣᴺᣇ߼✦ဳߩ⟎ⵝㅧ㍌಴኿ဳ᧪ᓥ 㧠࿑
 㧕ࠫ࡯ࡔࠗ㧔
 
 㧕ࡃࡦࡖ࠴㧔⟎ⵝ㊂⸘ḡṁ㊂ቯ 㧢࿑

ൻ৻ဋߩജ߼✦ဳD
  ⌀౮ߩࠄ߆ᣇ೨߼ᢳฝC

 ㇱဳ㍌ 㧡࿑
ਛ㓸߇ജ߼✦ဳ
ဳ㍌
㓗
㑆
߇
޽
߈
߿
ߔ
޿
࠻࡞ࡏ
ဳ㍌
 ⟎ⵝ߼✦ဳ
ࠃ
ࠅ
ဋ
╬
ߥ
ဳ
✦
߼
ജ
ߢ
㓗
㑆
߇
޽
߈
ߦ
ߊ
޿
࡞ ࡯ ࡏ
ḡṁ
࠲࡯ࡅ࠼ࡦࡃ
ㇱᜬ଻ḡṁ
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ૐⲢὐว㊄ࠍ↪޿ߚථ਄኿಴㍌ㅧⵝ⟎ߩᚑᒻᕈะ਄ߦ㑐ߔࠆ⎇ⓥ㧔᧻ᧄ߶߆㧕 
ߚ㧚 ⦟ᅢߥలႯࠍⴕߥ߁ߚ߼ߦᔅⷐߥࠛࠕࡌࡦ࠻෸߮ḡߛ
߹ࠅ߇⸳ߌߡ޽ࠅ㧘ߘࠇࠄߩ૏⟎ߣᒻ⁁ࠍ࿑㧤෸߮࿑㧥ߦ
␜ߔ㧚 
4.2 ߘߩઁߩㇱಽߩฬ⒓ߣᯏ⢻ 
ࠕࠢ࡝࡞⵾㍌ဳߩ౮⌀ࠍ࿑㧝㧜ߦ␜ߔ㧚ߥ߅㧘࿑ߦߪߘ
ߩઁߦઃടߒߚㇱಽߩฬ⒓ࠍ⸥ߔߣߣ߽ߦ㧘એਅߦߘࠇࠄ
ߩᯏ⢻ࠍ⺑᣿ߔࠆ㧚 
࡮ࠛࠫࠚࠢ࠻ࡇࡦ㧦ᚑᒻຠࠍ㍌ဳ߆ࠄขࠅ಴ߔߚ߼ߩࠛ
ࠫࠚࠢ࠻ࡇࡦ㧚 
࡮ࡄ࡯࠹ࠖࡦࠣ㧦㍌ဳಽഀ㕙㧚ࡄ࡯࠹ࠖࡦࠣ࡜ࠗࡦ㧔PL㧕
ߣ߽޿߁㧚 
 
㧡. ᵹേ⃻⽎ⷰኤታ㛎 
5.1 ㆊ෰ߩታ㛎ߢᓧࠄࠇߚ⚿ᨐ 
㍌ㅧߦ߅ߌࠆᚑᒻຠߩ⹏ଔߩ㗄⋡ߣߒߡ㧘ኸᴺ♖ᐲ㧘㍌
⡼ߩ⁁ᘒ(7)㧘లႯ₸㧔㍌ဳౝࠍṁḡ߇ߤࠇߛߌలႯ㧔లḩ㧕
ߢ߈ߡ޿ࠆ߆ࠍ⴫ߔഀว㧕㧘߭ߌᎽ㧘ḡ߹ࠊࠅਇ⦟╬ߦઍ⴫
ߐࠇࠆ㍌ㅧᰳ㒱╬߇᜼ߍࠄࠇࠆ㧚ߎࠇࠄߔߴߡߩ㗄⋡ࠍ৻
ᐲߦḩ⿷ߔࠆߎߣߪᭂ߼ߡ㔍ߒ޿ߩߢ㧘ᧄ⎇ⓥߢߪలႯ₸
ߦ㊀ὐࠍ߅޿ߡ⠨ኤߔࠆߎߣߣߒߚ㧚లႯ₸ߪ㍌ဳౝࠍṁ
ḡ߇ߤࠇߛߌలႯ㧔లḩ㧕ߢ߈ߡ޿ࠆ߆ࠍߘߩ㊀㊂Ყߣߒ
ߡ␜ߒ㧘ᰴߩࠃ߁ߦߒߡ▚಴ߒߚ㧚 
㍌ဳౝߩⓨᵢㇱಽ㧔ࠛࠕࡌࡦ࠻㧘ḡ㆏╬ߪ㒰ߊ㧕㧘ߟ߹ࠅ
ᚑᒻຠߩ૕Ⓧߪ㧘SolidWorks ߩ૕Ⓧ⸘▚ᯏ⢻ࠃࠅ 21.6 cm3
ߢ޽ߞߚ㧚߹ߚ㧘੹࿁ታ㛎ߦ↪޿ߚૐⲢὐว㊄ 19A ߩᲧ㊀
㊂ߪ 9.77 gf/cm3ߥߩߢ(5)㧘ߎࠇࠃࠅ 100㧑లႯᤨߩᚑᒻຠߩ
㧔ℂ⺰㧕㊀㊂Wtheory [gf]ߪᑼ(1)ߣߥࠆ㧚 
Wtheory 㧩 21.6  9.77 㧩 211 [gf] ···························· (1) 
ታ㛎ߦࠃࠆᚑᒻຠߩ㊀㊂ࠍWexperiment [gf]ߣߒߡ㧘లႯ₸ࠍ
ᑼ(2)ߩࠃ߁ߦቯ⟵ߔࠆ㧚 
㧔లႯ₸㧕㧩 Wexperiment / Wtheory  100 [㧑] ·············· (2) 
ㆊ෰ߩታ㛎ߢᓧࠄࠇߚ㧘ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ࠍ↪޿ߚ㍌
ㅧታ㛎ߩ⚿ᨐࠍ࿑㧝㧝ߦ␜ߔ(3)㧚❑ゲߪᓧࠄࠇߚᚑᒻຠߩల
Ⴏ₸ࠍ㧘ᮮゲߪታ㛎᧦ઙߩ኿಴ㅦᐲࠍ⴫ߒߡ޿ࠆ㧚 
ߎߩታ㛎ߢߪ㧘኿಴ㅦᐲ߇ᄢ߈ߊߥࠆߣ㧔40㨪80 mm/sߩ
▸࿐㧕లႯ₸߇ਅ߇ࠆߣ޿߁⚿ᨐ߇ᓧࠄࠇ㧘ߎࠇࠄߪ㧘኿
಴ㅦᐲ߇ᄢ߈޿ߣ㧘㍌ㅧೋᦼߦ኿಴ߐࠇߚṁḡ߇㧘߹ߕ㍌
ဳౝߩოߦ߱ߟ߆ࠅ㧘ో૕ࠍలႯߔࠆ೨ߦࡄ࡯࠹ࠖࡦࠣ߿
ࠛࠕࡌࡦ࠻߆ࠄṳࠇߡߒ߹޿㧘లႯߢ߈ߥ޿႐ᚲ߇ߢ߈ߡ
ߒ߹߁ߚ߼ߛߣ⠨߃ࠄࠇߚ㧚߹ߚ㧘ߎߩታ㛎ߢߪ㧘㍌ဳߩ
 
࿑㧣 ࠢ࡜ࡦࠢࠪࡖࡈ࠻ 
 
࿑㧤 ࠛࠕࡌࡦ࠻ߩ૏⟎ 


Cḡߛ߹ࠅߩ૏⟎   
Dḡߛ߹ࠅߩᒻ⁁
࿑㧥 ḡߛ߹ࠅ 
 

C஥㕙߆ࠄߩ౮⌀  
Dᱜ㕙߆ࠄߩ౮⌀
࿑㧝㧜 ࠕࠢ࡝࡞⵾㍌ဳ 
0 10 20 30 40 50 60 70 8085
90
95
100
኿಴ㅦᐲ [mm/s]
ల
Ⴏ
₸
 [%
]
 
࿑㧝㧝 లႯ₸ߣ኿಴ㅦᐲߩ㑐ଥ 
㊀
ജ
ᣇ
ะ
ǾOO
OO
ǾOO
ࠛࠫ ࠢࠚ ࠻ࡇࡦ
኿಴ᣇะ
ࡄ࡯ࠖ࠹ ࡦࠣ 
኿಴ญ
－ 24 －
熊本高等専門学校　研究紀要　第 4 号（2012）
 
ㅘ᣿ᐲ߇ૐߊ㧘㍌ㅧ⃻⽎ߩⷰኤߪ⋡ⷞߦࠃߞߡߩߺⴕߥࠊ
ࠇ㧘ⷞ⹺಴᧪ߚṁḡߩ᜼േߣታ㛎⚿ᨐ߆ࠄᚑᒻᕈߦነਈߔ
ࠆⷐ࿃ࠍ⠨ኤߒߡ޿ߚ㧚 
ߥ߅㧘㍌ㅧታ㛎ࠍⴕߥ߁ߦ޽ߚࠅ㧘ࡃࡦ࠼ࡅ࡯࠲ߦࠃࠆ
ࠪ࡝ࡦ࠳ߩ଻᷷ߩ᷷ᐲ⸳ቯߪ㧘ૐⲢὐว㊄ 19A ߩⲢὐࠃࠅ
㜞޿ 110͠ߦߒߚ㧚߹ߚ㧘㊀ജߦࠃࠆᓇ㗀߽޽ࠆߣ⠨߃ࠄࠇ
ࠆߩߢ㧘㍌ဳߪ㧘ḡߛ߹ࠅ߇㊀ജߩᣇะߦኻߒߡ਄ㇱߦߊ
ࠆࠃ߁ߦ࠮࠶࠻ߒߚ㧚 
5.2 ታ㛎᧦ઙ෸߮ᚻ㗅 
೨▵ߢㅀߴߚታ㛎ߩ⚿ᨐ෸߮⠨ኤࠍฃߌߡ㧘ฦ኿಴ㅦᐲ
ߢߩᵹേ⃻⽎߇ᅤ૗ߥࠆ᜼േࠍ␜ߔ߆ࠍᱜ⏕ߦ⏕⹺ߔࠆߚ
߼ߦ㧘㜞ㅦᐲࠞࡔ࡜ߦࠃࠆᵹേ⃻⽎ⷰኤታ㛎ࠍⴕߥߞߚ㧚
࿑㧝㧞ߦታ㛎ߦ߅ߌࠆⵝ⟎ߩ㈩⟎ࠍ␜ߔ㧚ṁḡߩ኿಴ᣇะ
ߩᓟᣇ߆ࠄ㍌ဳౝᵹࠇࠍⷰኤߔࠆ㧚 
⴫㧞ߦታ㛎ߦ૶↪ߒߚ㜞ㅦᐲࠞࡔ࡜ߩ઀᭽ࠍ␜ߔ㧚fpsߪ
1 sᒰߚࠅߦ᠟ᓇน⢻ߥ↹௝ߩᨎᢙࠍ⴫ߔ㧚ታ㛎ߢߪ㧘⸃௝
ᐲ෸߮᠟ᓇ▸࿐ߩ㑐ଥ߆ࠄ 250 fpsߢ᠟ᓇߔࠆ㧚 
ߥ߅㧘ᚑᒻᕈߩ⹏ଔߦߪᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߦࠃࠆታ㛎
ߣหߓߊలႯ₸ࠍ↪޿ࠆ߇㧘㍌ဳߩኒኽᕈะ਄ߩߚ߼㧘ࡄ
࡯࠹ࠖࡦࠣ㕙ࠍ⎇⏴ߒ㧘㍌ဳౝ૕Ⓧ߇ᷫዋ㧘ᚑᒻຠߩℂ⺰
㊀㊂߇ 209 gfએਅߣߥߞߚ㧔⎇⏴㊂߆ࠄ⷗Ⓧ߽ߞߚ୯㧕㧚ߒ
ߚ߇ߞߡ㧘ᧄታ㛎ߦ߅ߌࠆలႯ₸ߪWtheory = 209 gfߣߒߡᑼ
(2)ߦࠃࠅ▚಴ߒߡ޿ࠆ㧚 
 ᰴߦ㧘ታ㛎᧦ઙࠍએਅߩࠃ߁ߦቯ߼ߚ㧚 
Ԙ ࡃࡦ࠼ࡅ࡯࠲ߦࠃࠆ଻᷷⸳ቯ᷷ᐲ㧦110͠ 
ԙ ࡇࠬ࠻ࡦㅦᐲ㧔኿಴ㅦᐲ㧕㧦 10㧘15㧘20㧘30㧘40㧘50㧘
60㧘70෸߮ 80 mm/s 
Ԛ ኿಴ṁḡ㊂㧦35෸߮ 40 cmt 
኿಴ㅦᐲߪᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߦ߅ߌࠆታ㛎᧦ઙߩౝ㧘
ౣ⃻น⢻ߥ᧦ઙࠍ⸳ቯߒ㧘኿಴ṁḡ㊂ߪ㍌ဳౝ෸߮ᵹ〝ౝ
૕Ⓧߩ߅ࠃߘว⸘ߢ޽ࠆ 35 cmtߣ㧘ߘࠇࠃࠅᄙ㊂ߩ 40 cmt
ߩੑ⒳㘃ࠍ⸳ቯߒߚ㧚ߎࠇߪᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߢߪ኿಴
ṁḡ㊂ߩჇടߦࠃࠅᚑᒻᕈ߇ะ਄ߔࠆ௑ะ߇⷗ࠄࠇߚߚ߼
ߢ޽ࠆ㧚 
ታ㛎ᚻ㗅ߪએਅߩㅢࠅߢ޽ࠆ㧚߹ߕṁⲢߒߚૐⲢὐว㊄
19A ࠍ㧘ࡃࡦ࠼ࡅ࡯࠲ߦࠃࠅടᾲߐࠇߚ࠴ࡖࡦࡃߦᵈḡญ
߆ࠄᵈ߉ㄟߺ㧘ṁḡ㊂ࠍ⸘㊂ᓟ㧘ࠪ࡝ࡦ࠳ౝ߳ᵈ౉ߒ㧘ࡇ
ࠬ࠻ࡦࠍ᛼ߒ಴ߔߎߣߦࠃߞߡṁḡࠍ኿಴ߔࠆ㧚ߎߩ኿಴
ਛߩ㍌ဳౝߩ᭽ሶࠍ㜞ㅦᐲࠞࡔ࡜ߦࠃࠅ᠟ᓇߔࠆ㧚኿಴ᓟ㧘
ㅒᵹࠍ㒐ߋߚ߼㧘ߔߋߦ኿಴ㇱᑯࠍ㐽ߓߡ߆ࠄ 2 ಽ⒟ᐲ଻
ᜬߒߚߩߜ㧘ⵝ⟎߆ࠄ㍌ဳࠍขࠅᄖߒ㧘ᄢ᳇ਛߢ⚂ 15ಽ㑆
಄ළᓟ㧘ᚑᒻຠࠍขࠅ಴ߔ㧚 
5.3 ታ㛎⚿ᨐ෸߮⠨ኤ 
㜞ㅦᐲࠞࡔ࡜ߦࠃࠅ᷹ⷰߐࠇߚṁḡߩ᜼േߩౝ㧘ઍ⴫⊛
ߥ߽ߩࠍએਅߦㅀߴࠆ㧚 
5.3.1 ኿಴ㅦᐲ 10 mm/sߦ߅ߌࠆṁḡߩ᜼േ 
࿑㧝㧟ߦታ㛎᧦ઙਛ㧘ᦨ߽ㆃ޿኿಴ㅦᐲ 10 mm/s㧘኿಴ṁ
ḡ㊂ 35 cmtߦ߅ߌࠆ㍌ဳౝߩలႯߩ᭽ሶࠍ␜ߔ㧚ฦ౮⌀㧘
ਛᄩߩᅏ஥߇኿಴ญߢ޽ࠅ㧘ߘߎ߆ࠄṁḡߪᚻ೨߳ߣᵹࠇ
ㄟ߻㧚ṁḡߪ߹ߕ㧘ੂࠇࠆߎߣߥߊ㍌ဳౝߦᵹ౉ߒ㧘㊀ജ
ߦࠃࠅਅᣇࠍḩߚߒߡ޿ߊ㧔࿑㧝㧟㧔a㧕㧘㧔b㧕㧕㧚ᰴߦ㧘ṁḡ
ߩᶧ㕙߇኿಴ญࠃࠅ㜞ߊߥࠆߣ㧘ਅᣇ߆ࠄṁḡ߇ଏ⛎ߐࠇ
ࠆᒻߣߥࠅ㧘ᶧ㕙ߪੂࠇࠆߎߣߥߊⓏ߿߆ߦ਄᣹ߒߡ޿ߊ
㧔࿑㧝㧟㧔c㧕㧕㧚㍌ဳߩฝ஥ߢߪ㧘ᶧ㕙߇ࠢ࡜ࡦࠢߩࡠ࠶࠼
ㇱಽ߹ߢ㆐ߔࠆߣ㧘ṁḡߪᮮ߳ᵹࠇ㧘ࠢ࡜ࡦࠢߩᦨฝㇱߦ
਄߆ࠄᵈ߉ߎ߹ࠇࠆࠃ߁ߥᒻߣߥࠆ㧔࿑㧝㧟㧔d㧕㧕㧚లႯਛ㧘
㍌ဳౝߦᱷߞߡ޿ߚⓨ᳇߇਄᣹ߒ㧘ࠛࠕࡌࡦ࠻ߩᣇ߳ᛮߌ
ߡ޿ߊߩ߇ࠢ࡜ࡦࠢฝ஥ㇱߢ⏕⹺ߢ߈ࠆ㧔࿑㧝㧟㧔e㧕㧕㧚 ㍌
ဳౝ߇ቢోߦలႯߐࠇߚߩߜ㧘ᱷࠆ⧯ᐓ㊂ߩṁḡߩଏ⛎ߦ
ࠃࠅ㧘㍌ဳౝ࿶ജ߇㜞߹ࠅ㧘ࡄ࡯࠹ࠖࡦࠣߦࡃ࡝߇ᒻᚑߐ
ࠇ㧘లႯᎿ⒟߇ቢੌߔࠆ㧔࿑㧝㧟㧔f㧕㧕㧚లႯ㐿ᆎ߆ࠄቢੌ
߹ߢ⚂ 5.5 sࠍⷐߒߚ㧚 
ߎߩ᧦ઙߦ߅ߌࠆ᜼േߢߪ㧘㍌ဳౝࠍḩߚߒߡ޿ߊṁḡ
ߩᶧ㕙㧘ḡవ߇Ⓩ߿߆ߢᐔ㕙⁁ߢ޽ࠅ㧘ⓨ᳇ࠍᏎ߈ㄟࠎߢ
޿ࠆ᭽ሶߪ⷗ࠄࠇߥ޿㧚ߎࠇߪ⦟ᅢߥᚑᒻຠ߇ᓧࠄࠇࠆඨ
ಝ࿕㍌ㅧ㧔Semi-solid metalworking㧕ߦ߅ߌࠆḡవߩᒻ⁁ߢ
޽ࠆ planar flow(8)ߦ㘃ૃߔࠆ㧚߹ߚ㧘లႯਛߦਅㇱ߆ࠄ᳇ᵃ
߇਄ㇱ߳ᶋ߈਄߇ߞߡ޿ࠆߎߣ߆ࠄ㧘లႯᤨ㑆߇㐳޿ߚ߼㧘
㍌ဳౝߩⓨ᳇߇ࠛࠕࡌࡦ࠻߳ᛮߌߡ޿ߊᤨ㑆߇චಽ⏕଻ߐ
ࠇߡ޿ࠆߎߣ߇ࠊ߆ࠆ㧚 
⴫㧞 㜞ㅦᐲࠞࡔ࡜ߩ઀᭽ 
⵾ㅧࡔ࡯ࠞ ᩣᑼળ␠ࠠ࡯ࠛࡦࠬ 
ဳ⇟ VW-6000 
᠟ᓇ⢻ജ 24000 fps 
ታ㛎↪⸳ቯ 250 fps 
 
   
㧔a㧕0.0 s      㧔b㧕1.0 s      㧔c㧕2.3 s 
   
㧔d㧕3.0 s      㧔e㧕4.4 s      㧔f㧕5.5 s 
࿑㧝㧟 ኿಴ㅦᐲ 10 mm/s㧘኿಴ṁḡ㊂ 35 cm³ 
ߦ߅ߌࠆ㍌ဳౝᵹࠇߩ᭽ሶ
࿑㧝㧞 ታ㛎ⵝ⟎ߩ㈩⟎ 
㜞ㅦᐲࠞࡔ࡜
ࡃ࡝
－ 25 －
Research Reports of Kumamoto-NCT. Vol. 4 （2012）
ૐⲢὐว㊄ࠍ↪޿ߚථ਄኿಴㍌ㅧⵝ⟎ߩᚑᒻᕈะ਄ߦ㑐ߔࠆ⎇ⓥ㧔᧻ᧄ߶߆㧕 
࿑㧝㧠ߦ࿑㧝㧟ߩታ㛎᧦ઙߦࠃߞߡᓧࠄࠇߚᚑᒻຠߩ౮
⌀ࠍ␜ߔ㧚࿑㧝㧠㧔a㧕ࠍ⷗ࠆߣ߶߷ቢోߥలႯ߇ⴕߥࠊࠇ
ߡ޿ࠆߩ߇⏕⹺ߢ߈ࠆ㧚߹ߚ㧘ㅢᏱ㧘ᰳ㒱߇ᄙߊߺࠄࠇࠆ
ᦨ⚳లႯ૏⟎ߦ߽ᧂలႯ▎ᚲߪήߊ㧘⋡┙ߞߚ᳇ᵃ߽⏕⹺
ߐࠇߥ޿ߎߣ߆ࠄ㧘⦟ᅢߥᚑᒻ⚿ᨐ߇ᓧࠄࠇߚߣ⸒߃ࠆ㧚
ᚑᒻຠߩ㊀㊂ߪ 207.8 gfߢ޽ࠅ㧘లႯ₸ߪ 99.3%ߢ޽ߞߚ㧚
5.1▵ߢㅀߴߚㆊ෰ߩታ㛎⚿ᨐ(3)ߢߪ኿಴ㅦᐲ 10 mm/sߩᚑ
ᒻຠߩᐔဋలႯ₸ߪ 99.7%ߢ޽ࠆ߇㧘ੑ ߟߩ⚿ᨐߩ⺋Ꮕ₸ߪ
0.004ߢ޽ࠅ㧘⸘᷹ᤨߩ⺋Ꮕߩ▸࿐ߣ⠨߃ࠄࠇࠆ㧚߹ߚ㧘5.2
▵ߢㅀߴߚࠃ߁ߦᧄታ㛎ߩలႯ₸ߪታ㓙ࠃࠅૐ޿୯ߢ▚಴
ߐࠇߡ޿ࠆน⢻ᕈ߇޽ࠆߚ߼㧘ߘࠇ߽⠨ᘦߔࠆߣ߶߷ห╬
ߩ⚿ᨐ߇ᓧࠄࠇߚߣ⠨߃ࠄࠇࠆ㧚 
5.3.2 ኿಴ㅦᐲ 80 mm/sߦ߅ߌࠆṁḡߩ᜼േ 
ᰴߦᦨ߽ㅦ޿኿಴ㅦᐲ 80 mm/s ߦ߅ߌࠆ㍌ဳౝߩలႯߩ
᭽ሶࠍ࿑㧝㧡ߦ␜ߔ㧚ߥ߅㧘࿑㧝㧡ߪ኿಴ṁḡ㊂ 40 cmtߦ
ࠃࠆ⚿ᨐߢ޽ࠆ߇㧘኿಴ㅦᐲ 80 mm/s ߦ߅޿ߡ㧘኿಴ṁḡ
㊂ߩჇടߦࠃࠆ⃻⽎ߩ㆑޿߇ᦨ߽㗼⪺ߦ⏕⹺ߐࠇߡ޿ࠆߚ
߼ߦߎߩ⚿ᨐࠍ␜ߔ㧚 
ṁḡߪ኿಴㐿ᆎ⋥ᓟ㧘ỗߒߊ㍌ဳౝߦᵹࠇㄟߺ㧘ࠥ࡯࠻
ߩኻ㕙ߦ޽ࠆ㍌ဳౝო㕙ߦỗ⓭ߔࠆ㧔࿑㧝㧡㧔a㧕㧕㧚ߘߩᓟ㧘
ਔ஥ߦṁḡߪಽ߆ࠇ㧘ḡవߪੂࠇߥ߇ࠄ㧘㍌ဳߩ਄ᣇ㧘ਅ
ᣇࠍ߶߷หᤨߦḩߚߒߡ޿ߊ㧔࿑㧝㧡㧔b㧕㧕㧚ṁḡߪ൓޿ߦ
ࠃࠅ㍌ဳౝߩᄖ✼ࠍߚߤࠅ㧘ᄢ߈ߊ㍌ဳౝߩⓨ᳇ࠍᏎ߈ㄟ
ߺߥ߇ࠄలႯߒߡ޿ߊ㧚ߎߩᤨ㧘㍌ဳ߇ቢోߦḩߚߐࠇࠆ
એ೨ߦ㧘ࡃ࡝߇↢ߓ㧘ฝ஥਄ㇱߩࠛࠕࡌࡦ࠻ߦṁḡ߇㆐ߒ
ߡ޿ࠆߎߣ߇⏕⹺ߢ߈ࠆ㧔࿑㧝㧡㧔c㧕㧘㧔d㧕㧕㧚኿಴ṁḡ㊂
35 cmtߩ႐ว߽਄⸥ߣห᭽ߩ᜼േࠍ⷗ߖ㧘ߎߩᤨὐߢలႯ
߇ቢੌߒߚ㧚㍌ဳౝ߇లႯߐࠇߚߩߜ㧘ߐࠄߥࠆṁḡߩଏ
⛎ߦࠃࠅ㧘㍌ဳౝ࿶ജ߇ᄢ߈ߊ㜞߹ࠅ㧘ࡄ࡯࠹ࠖࡦࠣߦᄢ
߈ߥࡈ࡜࠶ࠪࡘ߇ᒻᚑߐࠇ㧘ࡈ࡜࠶ࠪࡘߣหᤨߦᄙ㊂ߩṁ
ḡ߇ṳࠇ಴ߒ㧘㍌ဳౝߦᄢ߈ߥ᳇ᵃ߇ᒻᚑߐࠇలႯᎿ⒟߇
ቢੌߔࠆ㧔࿑㧝㧡㧔e㧕㧘㧔f㧕㧕㧚లႯ㐿ᆎ߆ࠄṁḡ߇㍌ဳౝࠍ
ḩߚߔ߹ߢ⚂ 0.5 s㧘ࡄ࡯࠹ࠖࡦࠣߦ߅ߌࠆṁḡߩṳࠇ߇෼
߹ࠆ߹ߢ 1.5 sࠍⷐߒߚ㧚ߥ߅㧘኿಴ṁḡ㊂ 35 cmtߢߪࡈ࡜
࠶ࠪࡘߪᒻᚑߐࠇߕ㧘኿಴ṁḡ㊂ 40 cmtߢߪઁߩ኿಴ㅦᐲ
ߦ߅޿ߡ߽ࡈ࡜࠶ࠪࡘߩᒻᚑ߇⏕⹺ߐࠇߚ㧚 
࿑㧝㧢ߦ࿑㧝㧡ߩታ㛎᧦ઙߦࠃߞߡᓧࠄࠇߚᚑᒻຠߩ౮
⌀ࠍ␜ߔ㧚࿑㧝㧢㧔a㧕ࠍ⷗ࠆߣᄢ߈ߥࡈ࡜࠶ࠪࡘ߇ᒻᚑߐ
ࠇ㧘ᧂలႯ▎ᚲ߿ᄢ߈ߥ᳇ᵃ߇ᄙᢙሽ࿷ߔࠆߩ߇⏕⹺ߢ߈
ࠆ߁߃㧘࿑㧝㧢㧔b㧕ߩᦨ⚳లႯ૏⟎ߪቢోߦలႯਇ⿷ߢ޽
ࠅ㧘᣿ࠄ߆ߦᚑᒻਇ⦟ߢ޽ࠆ㧚ᚑᒻຠߩ㊀㊂ߪ 179.3 gf㧘ల
Ⴏ₸ 85.7%ߢ޽ࠅ㧘5.1 ▵ߢㅀߴߚㆊ෰ߩታ㛎⚿ᨐ(3)ߢߪ኿
಴ㅦᐲ 80 mm/sߩᚑᒻຠߩᐔဋలႯ₸ߪ 90.5%ߢ޽ࠆߚ߼㧘
ߎߩ⚿ᨐߪ⪺ߒߊᚑᒻᕈ߇ᖡ޿ߣ⸒߃ࠆ㧚 
ߎߩ᜼േࠍ⷗ࠆߣ㧘㍌ဳౝ߇లႯᓟ㧘ṁḡߩଏ⛎߇ᱛ߹
ࠄߥ޿ߎߣߦࠃࠅ㧘㍌ဳౝߦㆊᐲߩ࿶ജ߇⽶⩄ߐࠇ㧘ဳ✦
߼ജ߇࿶ജߦ⽶ߌ㧘ᄢ߈ߥࡈ࡜࠶ࠪࡘࠍᒻᚑߒߚߣ⠨߃ࠄ
ࠇࠆ㧚ࡈ࡜࠶ࠪࡘᒻᚑߩ㓙ߦࡈ࡜࠶ࠪࡘߣߥߞߚએᄖߩṁ
ḡ߇ࡄ࡯࠹ࠖࡦࠣ߆ࠄṳࠇ಴ߒߡ޿ࠆߩ߇⏕⹺ߢ߈㧘ട߃
ߡ㧘ࠛࠕࡌࡦ࠻ࠍ኿಴ญߣߒߡṁḡ߇㍌ဳᄖ߳ྃ߈಴ߒߡ
޿ࠆߎߣ߽⏕⹺ߢ߈ߚ㧚ߎߩߎߣ߆ࠄ㧘኿಴ṁḡ㊂ߩჇട
ߪᔅߕߒ߽ᚑᒻᕈะ਄ߦലᨐ߇޽ࠆߣߪ⸒߃ߕ㧘ㆊᐲߩട
࿶߇ߥߐࠇߥ޿ㆡ㊂ߩṁḡࠍ኿಴ߔࠆߎߣ߇ᚑᒻᕈࠍะ਄
ߐߖࠆߎߣ߇ࠊ߆ߞߚ㧚ߎߩ⚿ᨐ߇એ೨ߩలႯ₸ࠍਅ࿁ߞ
ߚߩ߽ṁḡ㊂ߩㆊᄙ߇ේ࿃ߣ⠨߃ࠄࠇࠆ㧚೨ㅀߒߚࠃ߁ߦ㧘
ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߢߪ኿಴ṁḡ㊂ߩჇടߦࠃࠆᚑᒻᕈߩ
ะ਄߇⷗ࠄࠇߡ޿ߚߚ߼㧘ᒰೋߪ 40 cm³ߩᣇ߇ᚑᒻᕈߪะ
਄ߔࠆߩߢߪߥ޿߆ߣߩ੍ᗐࠍߒߡ޿ߚ߇㧘㜞ㅦᐲࠞࡔ࡜
ߢ⹦ߒߊ⃻⽎ࠍⷰኤߔࠆߎߣߢೋ߼ߡ㧘኿಴ṁḡ㊂ߩㆡ㊂
ߩሽ࿷ࠍ⏕⹺ߢ߈ߚ㧚 
5.3.3 ኿಴ㅦᐲ 30 mm/sߦ߅ߌࠆṁḡߩ᜼േ 
኿಴ㅦᐲ 30 mm/s㧘኿಴ṁḡ㊂ 35 cmtߦ߅ߌࠆ㍌ဳౝߩల
Ⴏߩ᭽ሶࠍㅀߴࠆ㧚ṁḡߪ 5.3.1㗄ߢㅀߴߚ኿಴ㅦᐲ 10 mm/s
ߩ႐วߩ᜼േߦ㘃ૃߒߚ᜼േࠍ␜ߔ߇㧘㍌ဳౝࠍḩߚߒߡ
  
㧔a㧕ᚑᒻຠᱜ㕙      㧔b㧕ᦨ⚳లႯ૏⟎ߩ᭽ሶ 
࿑㧝㧠 ኿಴ㅦᐲ 10 mm/s㧘኿಴ṁḡ㊂ 35 cm³ߦ
߅ߌࠆᚑᒻຠ 
 
   
㧔a㧕0.0 s      㧔b㧕0.2 s       㧔c㧕0.3 s 
   
㧔d㧕0.4 s      㧔e㧕0.5 s       㧔f㧕1.5 s 
࿑㧝㧡 ኿಴ㅦᐲ 80 mm/s㧘኿಴ṁḡ㊂ 40 cmtߦ߅
ߌࠆ㍌ဳౝᵹࠇߩ᭽ሶ 
 
㧔a㧕ᚑᒻຠᱜ㕙       㧔b㧕ᦨ⚳లႯ૏⟎ߩ᭽ሶ 
࿑㧝㧢 ኿಴ㅦᐲ 80 mm/s㧘኿಴ṁḡ㊂ 40 cm³ߦ߅
ߌࠆᚑᒻຠ 
ᦨ⚳లႯ૏⟎
ᦨ⚳లႯ૏⟎
ࡈ࡜࠶ࠪࡘ
ṳࠇߦࠃࠆ
᳇ᵃ߇⊒↢
ᄖ✼ࠍߚߤࠆṁḡ
Ꮞ߈ㄟ߹ࠇߚⓨ᳇
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޿ߊṁḡߪ 10 mm/sߩ႐วߦᲧߴࠆߣੂࠇߚ᜼േߢ޽ߞߚ㧚
లႯ㐿ᆎ߆ࠄቢੌ߹ߢ⚂ 1.8 sࠍⷐߒߚ㧚 
ߎߩታ㛎ߦࠃߞߡᓧࠄࠇߚ㧘ᚑᒻຠߩ౮⌀ࠍ࿑㧝㧣ߦ␜
ߔ㧚࿑㧝㧣㧔a㧕ࠍ⷗ࠆߣᄢ߹߆ߥᚑᒻຠߩᄖᒻߪᓧࠄࠇߡ
޿ࠆ߇㧘ᄢ߈ߥ᳇ᵃߩ〔߇ⶄᢙሽ࿷ߔࠆߩ߇⏕⹺ߢ߈ࠆ㧚
߹ߚ㧘࿑㧝㧣㧔b㧕߆ࠄߪᦨ⚳లႯ૏⟎ߦ߅޿ߡߪⓨ᳇߇ᛮ
ߌ߈ࠇߕ᳇ᵃߩ〔ߣߥߞߡ޿ࠆߎߣ߇ࠊ߆ࠆ߇ᚑᒻຠ㊀㊂
207.3 gf㧘లႯ₸ 99.1%ߢ޽ࠆߚ߼㧘⧯ᐓߩᄖ⷗⊛ᰳ㒱ߪ޽
ࠆ߇Ყセ⊛⦟ᅢߥᚑᒻ⚿ᨐ߇ᓧࠄࠇߚߣ⸒߃ࠆ㧚 5.1 ▵ߢ
ㅀߴߚㆊ෰ߩታ㛎⚿ᨐ(3)ߢߪ኿಴ㅦᐲ 30 mm/s ߩᚑᒻຠߩ
ᐔဋలႯ₸ߪ 97.4%ߢ޽ࠆߚ߼㧘ᚑᒻᕈߪะ਄ߒߚߣ⸒߃
ࠆ㧚 
5.3.4 ኿಴ㅦᐲ 50 mm/sߦ߅ߌࠆṁḡߩ᜼േ 
኿಴ㅦᐲ 50 mm/s㧘኿಴ṁḡ㊂ 35 cmtߦ߅ߌࠆ㍌ဳౝߩల
Ⴏߩ᭽ሶࠍㅀߴࠆ㧚ṁḡߪᲧセ⊛Ⓩ߿߆ߢߪ޽ࠆ߇㧘5.3.2
㗄ߢㅀߴߚ኿಴ㅦᐲ 80 mm/s ߩ႐วߩ᜼േߦ㘃ૃߒߚ᜼േ
ࠍ␜ߒߚ㧚ߒ߆ߒ㧘኿಴ṁḡ㊂ 35cmtߢ޽ߞߚߚ߼㧘ㆊᐲ
ߩട࿶ߪήߊ㧘ࡈ࡜࠶ࠪࡘߩᒻᚑ෸߮ࡄ࡯࠹ࠖࡦࠣߦ߅ߌ
ࠆṁḡߩṳࠇߪ↢ߓߥ߆ߞߚ㧚లႯ㐿ᆎ߆ࠄቢੌ߹ߢ⚂ 1.3 
sࠍⷐߒߚ㧚 
ߎߩታ㛎ߦࠃߞߡᓧࠄࠇߚ㧘ᚑᒻຠߩ౮⌀ࠍ࿑㧝㧤ߦ␜
ߔ㧚࿑㧝㧤㧔a㧕ࠍ⷗ࠆߣᄢ߹߆ߥᚑᒻຠߩᄖᒻߪᓧࠄࠇߡ
޿ࠆ߇㧘ᄢ߈ߥ᳇ᵃ߇ⶄᢙሽ࿷ߔࠆߩ߇⏕⹺ߢ߈ࠆ㧚߹ߚ㧘
࿑㧝㧤㧔b㧕߆ࠄߪᦨ⚳లႯ૏⟎ߦ߅޿ߡߪᄢ߈ߥ᳇ᵃߣౝ
ㇱⓨᵢߩᧂలႯ▎ᚲ߇ᒻᚑߐࠇߡ޿ࠆߎߣ߇ࠊ߆ࠆ㧚ᚑᒻ
ຠ㊀㊂ߪ 201.0 gfߢలႯ₸ߪ 96.1㧑ߢ޽ࠅ㧘⦟ᅢߥᚑᒻ⚿ᨐ
߇ᓧࠄࠇߚߣߪ⸒߃ߥ޿߇㧘5.1▵ߢㅀߴߚㆊ෰ߩታ㛎⚿ᨐ
ߢߪ኿಴ㅦᐲ50 mm/sߩᚑᒻຠߩᐔဋలႯ₸ߪ94.9%ߢ޽ࠆ
ߚ߼㧘ㆊ෰ߩታ㛎(3)ߦᲧߴ㧘ᚑᒻᕈߪ⧯ᐓ⦟ߊߥߞߚߣ⸒߃
ࠆ㧚 
5.3.5 ḡᵹࠇ⸃ᨆࠪࡒࡘ࡟࡯࡚ࠪࡦߣߩᲧセ 
࿑㧝㧥㧘࿑㧞㧜ߪḡᵹࠇ⸃ᨆ࠰ࡈ࠻ JS CASTߦࠃߞߡᓧ
ߚ㧘኿಴ㅦᐲ 10 mm/s෸߮ 80 mm/sߦ߅ߌࠆḡᵹࠇ⸃ᨆࠪࡒ
ࡘ࡟࡯࡚ࠪࡦߩ⚿ᨐߢ޽ࠆ㧚࿑㧞㧜ߦ⷗ࠄࠇࠆṁḡߩ᜼േ
ࠍవߦ᜼ߍߚ࿑㧝㧡ߩṁḡߩ᜼േߣᲧセߔࠆߣ㧘߶߷หᤨ
ೞߦ߅޿ߡḡవߩੂࠇᣇ߿㍌ဳ૗ߩᄖ✼ㇱࠍߚߤࠆ᜼േߥ
ߤห᭽ߩ௑ะ߇⏕⹺ߢ߈ࠆ㧚ߒ߆ߒ㧘ࡄ࡯࠹ࠖࡦࠣ㧘ࠛࠕ
ࡌࡦ࠻ߦ߅ߌࠆࡈ࡜࠶ࠪࡘߩᒻᚑ߅ࠃ߮ṁḡߩྃ಴ߪౣ⃻
ߐࠇߡ޿ߥ޿㧚߹ߚ㧘࿑㧝㧥ߣ࿑㧝㧟ߩ᜼േࠍᲧセߔࠆߣ㧘
ṁḡߩ᜼േߩ௑ะߪห᭽ߛ߇㧘ᤨೞ߇৻⥌ߒߡ޿ߥ޿㧚ߎ
ࠇߪ᠟ᓇᤨߦ኿಴㐿ᆎߩᆎὐ⸳ቯ߇ߕࠇߡߒ߹ߞߡ޿ߚߚ
߼ߛߣ⠨߃ࠄࠇࠆ㧚 
5.3.6 ൮᜝⊛ߥ⠨ኤ 
࿑㧞㧝ߪ㧘੹࿁ߩᣂဳ኿಴㍌ㅧⵝ⟎ߦࠃࠆታ㛎ߣ 5.1▵ߢ
ㅀߴߚᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߦࠃࠆታ㛎ߩ⚿ᨐࠍᲧセߒߚ߽
ߩߢ޽ࠆ㧚ਃⷺ(ٌ)ߩශߢ␜ߐࠇࠆࠣ࡜ࡈ߇వߦ᜼ߍߚ࿑
㧝㧝ߩ኿಴ṁḡ㊂ߩ⸳ቯ߇ߢ߈ߥ޿ᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߦ
 
㧔a㧕0.25 s           㧔b㧕1.5 s 
 
㧔c㧕2.0 s                㧔d㧕2.5s 
࿑㧝㧥 ኿಴ㅦᐲ 10 mm/sߦ߅ߌࠆ㍌ဳౝᵹࠇߩ
⸃ᨆ⚿ᨐ 
 
  
㧔a㧕ᚑᒻຠᱜ㕙       㧔b㧕ᦨ⚳లႯ૏⟎ߩ᭽ሶ 
࿑㧝㧣 ኿಴ㅦᐲ 30 mm/s㧘኿಴ṁḡ㊂ 35 cmtߦ߅
ߌࠆᚑᒻຠ 
 
  
㧔a㧕ᚑᒻຠᱜ㕙        㧔b㧕ᦨ⚳లႯ૏⟎ߩ᭽ሶ 
࿑㧝㧤 ኿಴ㅦᐲ 50 mm/s㧘኿಴ṁḡ㊂ 35 cm³ߦ߅
ߌࠆᚑᒻຠ 
 
㧔a㧕0.07 s            㧔b㧕0.14 s 
  
㧔c㧕0.25s             㧔d㧕0.35s   
࿑㧞㧜 ኿಴ㅦᐲ 80 mm/sߦ߅ߌࠆ㍌ဳౝᵹࠇߩ
⸃ᨆ⚿ᨐ 
ᦨ⚳లႯ૏⟎
ᦨ⚳లႯ૏⟎
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ૐⲢὐว㊄ࠍ↪޿ߚථ਄኿಴㍌ㅧⵝ⟎ߩᚑᒻᕈะ਄ߦ㑐ߔࠆ⎇ⓥ㧔᧻ᧄ߶߆㧕 
ࠃࠆታ㛎⚿ᨐߩࠣ࡜ࡈߢ޽ࠅ㧘⪉ᒻ(٠)ߩශߩታ✢ߣ྾ⷺ
㧔غ㧕ߩශߩ⎕✢߇ߘࠇߙࠇ੹࿁ߩታ㛎ߦ߅ߌࠆ኿಴ṁḡ
㊂ 35෸߮ 40 cm³ߢߩታ㛎⚿ᨐࠍ␜ߔࠣ࡜ࡈߢ޽ࠆ㧚❑ゲ߇
లႯ₸ࠍ㧘ᮮゲ߇኿಴ㅦᐲࠍ␜ߔ㧚 
ਃⷺߩශߩᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ߩ⚿ᨐߣ⪉ᒻߩශߩᣂဳ
኿಴㍌ㅧⵝ⟎㧔35 cm³㧕ߩ⚿ᨐࠍᲧセߔࠆߣ㧘⪉ᒻߩࠣ࡜ࡈ
߇ਃⷺߩࠣ࡜ࡈࠍ߶ߣࠎߤ਄࿁ߞߡ޿ࠆߚ߼㧘ᚑᒻᕈ㧔ల
Ⴏ₸㧕ߪᡷ⦟ߒߚᣂဳⵝ⟎ߢะ਄ߒߚߎߣ߇ࠊ߆ࠆ㧚ߎࠇ
ߪᡷ⦟ߦࠃࠅ㧘ⵝ⟎෸߮㍌ဳߩኒኽᕈ߇ะ਄ߒ㧘ࡄ࡯࠹ࠖ
ࡦࠣ㧘ࠛࠕࡌࡦ࠻෸߮ⵝ⟎ߩฦធ⛯ㇱߦ߅ߌࠆṳࠇ߇ήߊ
ߥࠅ㧘ṁḡߩ៊ᄬ߇ᷫዋߒߚߚ߼ߛߣ⠨߃ࠄࠇࠆ㧚߹ߚ㧘
ᣂဳ኿಴㍌ㅧⵝ⟎㧔40 cm³㧕ߩ⚿ᨐߪᓥ᧪ဳ኿಴㍌ㅧⵝ⟎ࠃ
ࠅ߽ૐਅߒߡ޿ࠆ߇㧘వߦㅀߴߚࠃ߁ߦ㧘኿಴ṁḡ㊂ߩㆊ
ᄙ߇ේ࿃ߢ޽ࠆߣ⠨߃ࠄࠇࠆ㧚 ߎࠇߪᓥ᧪ဳ኿಴㍌ㅧⵝ⟎
ߢߪⵝ⟎ᧄ૕ߩኒኽᕈ߇ૐߊ㧘ㆊᐲߩ࿶ജ߇߆߆ࠆߣ㍌ဳ
ࠃࠅవߦⵝ⟎ᧄ૕߆ࠄߩṁḡߩṳࠇ߇޽ߞߚ߇㧘ᣂဳ኿಴
㍌ㅧⵝ⟎ߦṁḡߩṳࠇߪήߊ㧘ⵝ⟎߇↢ߺ಴ߔ࿶ജߩ߶ߣ
ࠎߤ߇㍌ဳౝߦ߆߆ߞߚߚ߼ߣ⠨߃ࠄࠇࠆ㧚ߎࠇߪ㧘ᡷ⦟
ߦࠃߞߡ㧘ࠃࠅ㜞޿࿶ജߢߩᚑᒻ߇น⢻ߦߥߞߚߣ޿߁㍌
ㅧⵝ⟎ߩᕈ⢻ะ਄ࠍ␜ߒߡ޿ࠆ㧚  
㍌ဳౝᵹࠇߩ᜼േߩⷰኤ߆ࠄ㧘኿಴ㅦᐲ߇ㅦߊߥࠆߦߟ
ࠇ㧘లႯ₸߇ᷫዋߔࠆᄢ߈ߥⷐ࿃ߪ㍌ဳౝߩṁḡߩᵹࠇߩ
ੂࠇߦࠃࠆⓨ᳇ߩᏎ߈ㄟߺߢ޽ࠆߣ⠨߃ࠄࠇࠆ㧚኿಴ㅦᐲ
߇ㅦߊߥࠆ߶ߤ㧘㍌ဳౝࠍᵹࠇࠆṁḡߩੂࠇߪ㗼⪺ߣߥࠅ㧘
㍌ဳౝߩᄖ஥߆ࠄౝ஥߳ⓨ᳇ࠍ൮ߺㄟ߻ࠃ߁ߦలႯߐࠇ㧘
᳇ᵃ߿ᧂలႯ▎ᚲ߇ࠃࠅᄙߊᒻᚑߐࠇߡ޿ࠆߚ߼㧘లႯ₸
߇ᷫዋߒߡ޿ࠆ㧚߹ߚ㧘኿಴ㅦᐲ 50 mm/s෸߮ 80 mm/sߢߪ
㍌ဳౝ߇ṁḡߢḩߚߐࠇࠆ೨ߦ㧘ḡߛ߹ࠅ෸߮ࠛࠕࡌࡦ࠻
߹ߢṁḡ߇㆐ߒߡ޿ࠆߎߣ߇⏕⹺ߢ߈ߡ߅ࠅ㧘ߘࠇߦࠃࠅ
㍌ဳౝߩⓨ᳇߇ᄖㇱ߳ㅏߍಾࠇߥߊߥࠅ㧘ᧂలႯ▎ᚲߥߤ
ߣߒߡᱷࠆߎߣ߽ⷐ࿃ߩ৻ߟߢ޽ࠆߣ⠨߃ࠄࠇࠆ㧚ߎࠇࠄ
ߩోߡࠍ〯߹߃㧘ᧄታ㛎෸߮ᧄታ㛎ⵝ⟎ߦ߅ߌࠆᚑᒻᕈߩ
⦟ᅢߥታ㛎᧦ઙࠍએਅߦ␜ߔ㧚 
࡮኿಴ㅦᐲ㧦10 mm/s 㧔ṁḡߩੂࠇ߇ዋߥߊ㧘ⓨ᳇ߩᏎ
߈ㄟߺ߇ዋߥ޿㧚㧕 
࡮኿಴ṁḡ㊂㧦35 cmt 㧔ㆡᐲߥ࿶ജ߇߆߆ࠅ㧘ṁḡߩ
ṳࠇ෸߮ਇ⿷߇ή޿㧚㧕 
߹ߚ㧘ࡄ࡯࠹ࠖࡦࠣ㧘ࠛࠕࡌࡦ࠻ߦ߅ߌࠆࡈ࡜࠶ࠪࡘߩ
ᒻᚑ߅ࠃ߮ṁḡߩྃ಴ߪᚑᒻᕈߩૐਅߦᓇ㗀ߔࠆⷐ࿃ߢ޽
ࠆ߇㧘ḡᵹࠇ⸃ᨆߢߪ⏕⹺ߢ߈ߥ޿ߎߣ߆ࠄ㍌ဳౝߩนⷞ
ൻߦࠃߞߡ⏕⹺ߐࠇߚⷐ࿃ߢ޽ࠆߣ޿߃ࠆ㧚 
 
㧢. ⚿⸒ 
⒳ޘߩ໧㗴ὐ߇޽ߞߚᓥ᧪ဳ኿಴㍌ㅧⵝ⟎߆ࠄ㧘໧㗴ὐ
ࠍᡷༀߒߚᣂဳ኿಴㍌ㅧⵝ⟎ࠍ⵾૞ߔࠆߎߣ߇ߢ߈ߚ㧚߹
ߚ㧘ᡷༀߒߚⵝ⟎ߣ㜞ㅦᐲࠞࡔ࡜ࠍ↪޿㧘኿಴ㅦᐲ෸߮኿
಴ṁḡ㊂ߩฦታ㛎᧦ઙߦ߅ߌࠆṁḡߩ㍌ဳౝᵹࠇߩ᜼േࠍ
⹦ߒߊⷰኤߒߚ㧚ߘߩ⚿ᨐ߆ࠄ㧘ᧄታ㛎ߦ߅ߌࠆᚑᒻᕈ㧔ల
Ⴏ₸㧕߇ૐਅߔࠆᄢ߈ߥⷐ࿃ߣߒߡ㧘኿಴ㅦᐲߩჇടߦ઻
߁ṁḡߩ㍌ဳౝᵹࠇߩੂࠇߦࠃࠆⓨ᳇ߩᏎ߈ㄟߺ㧘኿಴ṁ
ḡ㊂ߩㆊᄙߦ⿠࿃ߔࠆㆊᐲߩ㍌ဳౝ࿶ജߦࠃࠆࡄ࡯࠹ࠖࡦ
ࠣ෸߮ࠛࠕࡌࡦ࠻ߦ߅ߌࠆṁḡߩྃ಴߇ሽ࿷ߔࠆߎߣࠍ⏕
⹺ߢ߈ߚ㧚ߘߩⷐ࿃ߦၮߠ޿ߚታ㛎᧦ઙߦ߅޿ߡ㧘ᚑᒻຠ
ߩᚑᒻᕈࠍะ਄ߐߖࠆߎߣ߇ߢ߈ߚ㧚߹ߚ㧘ㅦ޿኿಴ㅦᐲ
ߦ߅ߌࠆታ㓙ߩ㍌ဳౝᵹࠇߣḡᵹࠇ⸃ᨆࠪࡒࡘ࡟࡯࡚ࠪࡦ
ࠍᲧセߔࠆߎߣ߇ߢ߈ߚ㧚 
੹ᓟߩ⺖㗴ߣߒߡ㧘㍌ဳౝ࿶ജ߇ਇ᣿ߢ޽ࠆߚ߼㧘㍌ဳ
ౝ࿶ജߩ⸘᷹ᯏ᭴ߩᬌ⸛㧘㜞࿶ߢߩᚑᒻࠍน⢻ߣߔࠆߚ߼
ߦဳ✦߼ജߩᒝൻ෸߮ࠛࠕࡌࡦ࠻ᒻ⁁ߩᬌ⸛㧘ߘߒߡ㍌ဳ
ౝߦ߅ߌࠆታ㓙ߩᵹേ⃻⽎ߣḡᵹࠇ⸃ᨆࠪࡒࡘ࡟࡯࡚ࠪࡦ
ߩ⚿ᨐߣߩߐࠄߦ⹦⚦ߥᲧセ࡮ᬌ⸽߇᜼ߍࠄࠇࠆ㧚 
 
㧔ᐔᚑ 24ᐕ 9᦬ 25ᣣฃઃ㧕 
㧔ᐔᚑ 24ᐕ 10᦬ 25ᣣฃℂ㧕 
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